INTRODUCTION

C
onceptual Density Functional Theory (CDFT) [1] [2] [3] provides great conveniences to chemists for understanding of chemical reactivity.
Chemical reactivity descriptors such as chemical hardness (η) [4, 7] , chemical potential (μ) [8] and electronegativity (χ) [9, 10] can be calculated considering ionization energy (I) and electron affinity (A) values of chemical species through the contributions to quantum chemistry of this theory.
In the literature, popular electronic structure principles regarding electronegativity, chemical hardness and electrophilicity concepts are available. The first of them is Sanderson's electronegativity equalization principle [11, 12] . The electronegativity equalization principle states that when two or more different atoms combine to form a molecule, their electronegativities change to a common intermediate value and become equalized. Together with the electronegativity equalization principle, Sanderson proposed the geometric mean principle for the calculation of molecular electronegativity from atomic electronegativities. According to the geometric mean principle, molecular electronegativity (χM) can be approximately calculated via the following equation from the electronegativities of isolated atoms in the molecule. where, N is the number of atoms in the molecule, χi (i=1,2,….N) is the electronegativity of isolated atoms.
Chemical hardness is an extremely meaningful concept in terms of understanding of chemical reactivity and stability of chemical systems [13] [14] [15] . Chemical principles based on chemical hardness concept such as Hard and Soft Acid-Base Principle (HSAB) [16] [17] [18] [19] and Principle of Maximum Hardness (PMH) [20] [21] [22] present theoretical justification to chemists for many issue of chemistry. In 1996, Dipankar Datta [23] proposed that chemical hardness is also equalized during molecule formation like electronegativity and geometric mean equation can be used for the evaluation of the molecular hardness (ηM) from chemical hardness values of constituent atoms. It should be stated that the first hints about global hardness equalization principle was proposed by Datta. Molecular hardness equation presented by Datta is given below.
In 2010, Pratim Kumar Chattaraj and his students proposed the electrophilicity equalization principle [24] [26] [27] [28] . In his paper, Szentpaly indicated that electrophilicity equalization principle is not useful and reasonable for molecule formation and showed that electrophilicity increases with cluster size. This statement is sufficient to understand the effect on equalizations of chemical reactivity indexes such as chemical hardness, electronegativity and electrophilicity of molecular size [29] . It is apparent that equalization assumptions for electrophilicity, electronegativity and chemical hardness in large molecules is not reasonable. In addition to Szentpaly's criticism, Datta [30] who proposed the geometric mean equation for molecular hardness has made an important work regarding electrophilicity equalization with Szentpaly and Shee. As a result of this study, they noted that in general, basic assumption of electronegativity equalization principle cannot be corroborated by experimental data, the applicability and accuracy of electronegativity equalization principle should not be exaggerated and it can lead to misconceptions to consider as negative of chemical potential the electronegativity. This relation given by χ=-μ has been criticized by Pearson [31] and Allen [32] . Both Pearson and Allen have proposed that Pauling's electronegativity and the chemical potential should be regarded as two separate and distinct properties. Later on, similar criticisms related to this topic were made by Politzer and his co-workers [33] [34] [35] about the validity of χ=-μ. Furthermore, we want to state that studies which support the equalization principles and the ones which criticize it can all be found in the literature. The aim of the present paper is to support the electrophilicity equalization principle and also to provide useful information regarding the application of geometric mean equations, molecular electronegativity, molecular hardness and molecular electrophilicity.
New Equations for the Calculation of Molecular Electronegativity, Molecular Hardness and Molecular Electrophilicity
Electronegativity equalization principle is defined in terms of charge-dependent property by Sanderson. According to this principle, in a molecule formed by atoms whose electronegativities are different, electronegativities of the atoms are equilibrated as a result of electron transfer between atoms. In recent years, we derived a new equation to calculate the electronegativities of molecules from ionization energy and electron affinity values of constitute atoms using Sanderson's electronegativity equalization principle and Iczkowski-Margrave electronegativity definition [36] . The mentioned new molecular electronegativity equation is given as [37] :
where, χ M and q M are electronegativity and charge of molecule or functional group, respectively. N is number of atoms in the molecule and Ii and Ai are the ionization energy and electron affinity of i-th atom.
We have also derived another equation to calculate the molecular hardness using the global hardness equalization principle as [38] :
In this equation, ηM and qM are chemical hardness of molecule and charge of molecule, respectively. N is number of atoms in molecule. ai and bi parameters related ionization energy and electron affinity for any atom in molecule are given as follows and these are defined as a i =(I+A)/2 and bi=(I-A)/2. 
To support the chemical equalization principles, especially Chattaraj's electrophilicity equalization principle, firstly, we compared the results of geometric mean equations with the results of our new equations. Then, we showed that these electronic structure principles are useful to use in small molecules.
RESULTS and DISCUSSION
In Table 1, Table 2 and Table 3 , the results of geometric mean equations and the results of our method of calculations of electronegativities, chemical hardnesses and electrophilicities of some selected molecules have been compared. For the comparisons, especially small molecules have been considered. In previous works we have pointed out that the proposed equations (Eq.5 and Eq.6) are very useful to calculate the electronegativities and chemical hardnesses of simple molecules and it is seen from the graphs that there is a nice correlation between the two sets of results-results of our equations and the results geometric mean equations. Especially, the results of Chattaraj's method for molecular electrophilicity are very close to our electrophilicity values. Figure 3 support this idea. We propose that chemical equalization principles is valid for simple molecules and geometric mean equations with respect to computing electrophilicity, electronegativity and chemical hardness should be applied for simple molecules, otherwise, wrong results can be obtained. Moreover, it will be out of place to ignore completely the Chattaraj's electrophilicity equalization principle.
Islam and Ghosh [39, 40] have critically analyzed the comment of Szentpaly that there is no support of "hardness equalization principle" and "electrophilicity equalization principle" and pointed out that Szentpaly erred in conceiving proper domain of the equalization phenomenon. The process of charge equalization occurs only during the chemical event of hetero nuclear molecule formation. This charge equalization phenomenon cannot be used in case of the formation of homo nuclear molecules because there is no whisper of charge transfer.
After analyzing the agreement between the results obtained from our equation with the results obtained from geometric mean equation as presented above, we make the following comments with respect to the experimental data. As is known, chemical hardness, chemical potential and electronegativity are defined via the following equations based on ionization energy (I) and electron affinity (A) values of chemical species [41] [42] [43] [44] [45] . According to Parr's electrophilicity index, electrophilicity of any chemical species is associated with its chemical hardness and electronegativity. invoked in the present work we have used the experimental I and A data of the corresponding molecules and hence the parameters are labeled as Experimental. The second sets of data (chemical hardness, electronegativity and electrophilicity) are computed using the corresponding geometric mean equation proposed by Datta, Sanderson and Chattaraj respectively. We labeled the result as geometric mean. The third sets of data are computed using the equations proposed by us. We labeled the data as Kaya.
It is seen from the results presented in Table 4 that the three sets of data shows good agreement. We have also noted that for small molecules the set 2 (geometric mean) and set 3 (Kaya) are numerically close to their experimental counterparts. On the other hand, in big molecules, the differences between calculated results via various theoretical methods and experimental data are obtained. From this observation we may conclude that the charge equalization process for very big molecules cannot be depicted by Table 2 . geometric mean equation and other equalization principles are still useful and cannot be ignored completely.
CONCLUSIONS
In the present report, a support for the charge equalization principles is presented. We found that the charge equalization process for small molecule is successfully depicted by the geometrical mean models but for very big molecules the existing geometrical mean models failed to depict the charge equalization scenario. Considering the results presented in this study we can conclude that Chattaraj's electrophilicity equalization Principle and other equalization principles are useful and remarkable despite all the criticisizm about them.
